Objective: The question of whether breastfeeding has a protective effect against the development of overweight or obesity later in life remains controversial, especially during adolescence. The objective was to assess the relationship between breastfeeding and adolescents' body composition. Methods: The HELENA study is a cross-sectional study involving 3,528 adolescents from 10 European cities. The outcome measures were body weight and height, subscapular skinfolds as well as waist circumferences. Breastfeeding, smoking status, and parental socioeconomic status were assessed by self-administered questionnaires. Dietary intake was recorded using two 24-hour recall surveys. Two adjustment approaches were used: i) covariance analysis adjusted for confounding factors (propensity score adjustment) and ii) multivariate quantile regression. Results: After adjustment, no significant associations were
Introduction
Breastfeeding is the recommended mode of infant feeding [1] and has several advantages compared with formula feeding, the most of which important is a lower risk of infectious diseases. Breastfeeding is also thought to be associated with a lower risk of developing obesity in childhood and adolescence. This last point is still a matter of debate [2] [3] [4] .
Breastfeeding was first suggested to influence body composition in 1980 by Marmot et al. [5] . Since then, several meta-analyses have been published on this topic [6] [7] [8] . The last two published meta-analyses have shown a beneficial effect of breastfeeding on body composition, The first one was limited to children aged less than 1 year [9] , and the other one, conducted for the World Health Organization (WHO) without age limitation, found a protective effect of breastfeeding but results were attenuated by a clear evidence of publication biases [2] .
Adolescence is a key period for nutritional issues. It has been shown that the likelihood of becoming obese as an adult is greater for obese adolescents; the odds ratio of being obese in adulthood is 16 for the highest BMI [10] . BMI is the most common way to assess body composition in clinical practice and in many studies, but is only an estimate of adiposity. The relationship between breastfeeding and body composition should be explored with better accuracy by analyzing subcutaneous and abdominal adiposity [11, 12] .
Our analysis is based on the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study. This is a European multicenter and cross-sectional study that aims to investigate the nutritional status and lifestyle of European adolescents [13] . 3,910 adolescents were recruited for anthropometric measurements and questionnaires about their way of life. Collected data for analysis of the effect of breastfeeding on body composition included data about breastfeeding as well as many confounding factors to take in consideration.
As previous publications were discordant, due to power weakness and/or to adjustment inadequacy, the objective of the present study was to assess the relationship between breastfeeding and adiposity in a large population of adolescents taking into account a large set of confounding factors.
Material and Methods

Design
Data derived from the HELENA-Cross Sectional Study (CSS), a multicenter study aiming to obtain reliable and comparable data on nutrition and health-related parameters. A total of 3,528 adolescents (age range 12.5-17.5 years) were assessed at school between 2006 and 2007 in 10 European cities from 9 countries, all fulfilling the general HELENA-CSS inclusion criteria [13] . Details on sampling procedures and study design have been reported elsewhere [14] . The ethical committee of each clinic involved approved the study [15] . Written informed consent was obtained from both adolescents and their parents.
Information about breastfeeding was available for 2,848 adolescents from a specific parental questionnaire. In our analysis, we included adolescents who were not born prematurely (<35 weeks gestation), for whom we had data on pregnancy duration (n = 2,564), and who were either never breastfed (n = 440) or breastfed for ≥ 4 months (n = 1,016) ( fig. 1 ). In order to raise the capability to assess the role of breastfeeding we excluded subjects who were breastfed for less than 4 months as this is a heterogeneous category including very short times of breastfeeding. The group excluded is not different considering sex ratio, age, or socioeconomic status (SES). 
Anthropometric Data
The following anthropometric parameters were measured: i) Height (Seca225; precision 1 mm; Seca GmbH & Co, Hamburg, Germany) and weight (electronic scale: Seca861; precision 0.05 kg; Seca GmbH & Co); ii) skinfolds: biceps, triceps, subscapular, suprailiac, calf, and hip (in triplicate on the left side of the body using Holtain calipers; precision 0.2 mm; Holtain Ltd., Crymych, UK); and iii) waist circumference (in triplicate with a nonelastic tape; Seca200, precision 0.1 cm; Seca GmbH & Co). These measures were obtained under standardized conditions [16] . BMI and waist-to height ratio were calculated. Sexual maturation was assessed by a medical doctor using the method of Tanner and Whitehouse [17] .
SES
The SES of the adolescents was assessed using the Family Affluence Scale (FAS III) [18] . The FAS III records items, such as 'having his/her own bedroom', 'number of cars' and 'number of computers', and produces a score from 0 to 6 points where 0 is the lowest grade and 6 is the highest. The SES was also evaluated according to the parents' educational level as elementary school / high school / college degree / engineering or university degree; subjective family affluence (very well off, quite well off, average well off, not very well off, not very well off at all) [19] ; and the International Standard Classification of Occupations (ISCO) category of the father's occupation, which was classified into one of four categories. The evaluation of SES has been described in detail previously [19] .
Neonatal Information
Characteristics of breastfeeding and its duration were collected from parents using a specific questionnaire. All countries participating in the HELENA study used a health booklet that referred to the type of infant feeding and its duration. The other neonatal data collected were weight, length at birth, and gestational age.
Physical Fitness
Several physical fitness parameters were measured: cardiorespiratory fitness (20 m shuttle run); muscular speed, agility, and coordination (4 4 10 m shuttle run); muscular strength (hand grip); lower limb explosive strength and coordination (squat jump, Abalakov jump, countermovement jump); flexibility (back saver sit and reach); and explosive strength (standing broad jump). These tests have been described in detail previously [20] .
Nutritional Intake
The instrument Young Adolescents' Nutrition Assessment on Computer [21] was adapted for the HELENA study and called HELENA-DIAT [22] . It is a 24-hour recall assessment tool based on six meal occasions referring to the day before the interview. The validity of the instrument has been investigated against food records and interviews, and is described in detail elsewhere [21] . The data were cross-checked with the German BLS database [23] to extract energy and nutrient intake. Underreporters were identified with the Goldberg method [24] . All mean intakes for the 2 nonconsecutive days were calculated by applying the multiple source method using two different strategies: including the underreporters versus excluding the underreporters. For our analysis, we included energy consumed per day (kcal/day) and fat consumed per day (g/day).
Reliability
All measurements followed written detailed operating procedures translated into the local language to ensure that the same verbal information was given to all participants in the HELENA study.
Two workshops were conducted in which all field workers in charge of measurements were trained in the methods to obtain the anthropometric measurements in each of the 10 centers. A pilot study involving 202 adolescents from the 10 centers was also performed to check for inaccuracy and to adapt the procedure and questionnaires before the study began. Socioeconomic and parental questionnaire items that caused problems or raised questions as well as those completed by <85% of the adolescents were reviewed for deletion or modification [19, 25] .
Because anthropometric and fitness measurements are sensitive to interobserver variability, reliability was tested [25, 26] . For skinfolds and circumference, the interobserver reliability was tested and was always >90%. The reliability of physical fitness tests was acceptable; no learning or fatigue effects were found for any of the physical fitness tests when repeated.
Ethical Considerations
This study was conducted according to the guidelines laid down in the Declaration of Helsinki in its revised version, and all procedures involving human subjects were approved by the ethics committee in each participating country. Written informed consent was obtained from all subjects and their parents [15] .
Variable Selection
Several body composition variables were selected a priori: BMI Z-score (following the Cole calculation [27] ), sum of six skinfolds (log-transformed) to investigate subcutaneous adiposity (biceps, triceps, subscapular, suprailiac, thigh, calf), and waist-to-height ratio to explore abdominal adiposity [28] [29] [30] [31] .
Confounders that could influence body composition were selected: adolescents' smoking habit (dichotomized as ≤ 10 cigarettes/week and >10 cigarettes/week), age, all fitness data as continuous variables, sedentary lifestyle (time spent watching TV and playing videogames during school days and sleep duration on weeknights), mother's and father's body composition (assessed as obese/overweight, normal, underweight according to adolescents' perception), study center, puberty (Tanner staging), SES, parental educational level (elementary school / high school / college degree / engineering or university degree), energy, and fat intake.
Statistical Analysis
Numeric variables are expressed as mean and standard deviation (SD), and qualitative variables as frequency and percentage. Because the distribution of the sum of six skinfolds was skewed, all analyzes involving the sum of six skinfolds were performed after log-transformation (natural logarithm). Continuous and qualitative variables were analyzed by Student's t test or χ 2 test, respectively.
Body composition variables were studied for the whole population and then for boys and girls separately.
Each body composition variable (BMI Z-score, waist-to-height ratio, log-transformation of the sum of skinfolds) was examined as follows. The potential confounding variables were analyzed successively by bivariate analysis. The binary and nominal variables were tested with Student's t test and analysis of variance (ANOVA), respectively. Continuous and ordinal variables were tested with Pearson's and Spearman's correlation, respectively.
The adjustment for confounders was performed using the propensity score method. This method is a two-step procedure. In the first step, logistic regression was performed with breastfeeding as the dependent variable and the confounders as independent variables. In the second step, the effect of breastfeeding on each body composition parameter was adjusted for the propensity score using covariance analysis. The selected confounders were related both with breastfeeding and with the outcome [32] ; propensity score method provides better results than multivariable linear regression for adjustment on confounders (it is less concerned by the problem of overadjustment). Co-linearity was pursued with exclusion of each variable with variance inflation factor ≥ 3. Finally, a quantile regression [33] was performed to integrate the propensity score to adjust for confounding factors related to breastfeeding.
Data were analyzed using Statistical Analysis Systems statistical software, version 9.1 (SAS Institute, Cary, NC, USA). p < 0.05 was considered significant.
Results
The mean age of participating adolescents was 14.7 ± 1.2 years and was the same in each sex group (males 14.7 ± 1.2, females 14.7 ± 1.2 years). Compared with adolescents who were never breastfed ( table 1 ), the breastfed group had lower BMI for the whole group and for boys but not for girls. The same pattern was observed for the sum of skinfolds and the waist-toheight ratio.
The bivariate analysis between the outcomes and confounding factors identified factors with a significance level <0.2 that were introduced in the propensity score for the adjusted analysis ( table 2 ) .
Multivariate analysis using the propensity score did not show any significant associations between breastfeeding and BMI, fat free mass index (FFMI), skinfold thickness, or waistto-height ratio ( table 3 ) . Multivariate analyzes by sex did not show any significant association.
Quantile regression provided results by percentiles for each outcome. The quantile regression for whole population showed that breastfeeding was not significantly associated with BMI, FFMI, skinfold thickness, or waist-to-height ratio, except for the 90th percentile of waist-to-height ratio in the total population (data not shown). The analysis was performed separately for girls and boys ( fig. 2-4 ). In girls, breastfeeding was not associated with any of the outcomes. In boys, quantile regression analysis showed a non-significant tendency toward a protective effect of breastfeeding on the highest percentiles of skinfolds and waist-to-height ratio. BMI did not correlate with breastfeeding in any percentile. The black points represent the adjusted protective effect of breastfeeding following the values of BMI Z score. A point below zero means that breastfeeding has a lowering effect on the considered BMI Z score. The grey zone represents the confidence interval. Same adjustment as in table 3. SDS-BMI = Standard deviation score for BMI. The black points represent the adjusted protective effect of breastfeeding following the values of waist-toheight ratio. A point below zero means that breastfeeding has a lowering effect on the considered waist-toheight ratio. The grey zone represents the confidence interval. Same adjustment as in table 3.
Discussion
Our study confirms that, when confounders such as sociocultural factors, physical fitness and dietary data (daily fat, energy consumption) are taken into account, no effect of breastfeeding on adiposity can be observed in the whole population of adolescents. The new finding of our study is that quantile regression analysis suggests a protective effect of breastfeeding on the highest percentiles of abdominal adiposity and subcutaneous fatness. This might be of clinical interest because people with higher visceral fat are the most likely to develop cardiovascular diseases later in life [34] .
Five studies have investigated the relationship between breastfeeding and body composition in adolescence [35] [36] [37] [38] [39] , but there are some discrepancies between their results. Two studies concluded to a relationship: The first study showed a beneficial association between breastfeeding and BMI and skinfolds in girls. However, the authors did not adjust for confounding factors [35] . In 2012, Yin et al. [39] reported a negative association between breastfeeding and adolescents' fat mass. Three other studies did not find any influence of breastfeeding [36] [37] [38] .
All together these studies and our results suggest that, when taking into account confounders, there is no protective effect of breastfeeding on fatness in adolescents. To avoid the risk of underestimation of the effect when taking into account multiple confounders, we used the propensity score. Indeed the propensity score is a tool allowing to compare two groups when counfounders are numerous and randomization is impossible [40] , as is the case for breastfeeding, thus strengthens the conclusion. This is the first time that such method is used to assess precisely the relationship between breastfeeding and adiposity in adolescents.
The composition of infant formula is different from breast milk, not only for the amount of protein but also for the amino acid composition. These differences in protein content in infant milk lead to higher dosage of insulin-like growth factor 1 in 12-month-old children [41] . This 'early protein hypothesis' could track until the age of 6 years, as recently demonstrated by Koletzko et al. [42] in a randomized study that showed higher mean BMI in children who were fed higher protein formula for the first year of life. However, whether or not such difference persists until adolescence remains to be assessed. It was suggested recently that the beneficial effect of breastfeeding might act by reducing the prevalence of overweight, obesity, and underweight [43] ; quantile regression analysis is required to further investigate possible breastfeeding effects. The quantile regression analysis did not identify any effect of breastfeeding on the BMI Z-score, regardless of the percentile studied. However, our results apply only to a healthy population and cannot be generalized to an obese population. One interesting finding of this study is that it suggests that breastfeeding has a protective effect in the highest percentiles of abdominal fatness. We choose to analyze the waist-to-height ratio owing to its superiority on waist circumference and BMI for detecting cardiometabolic risk factors [44] , but also for detecting all-cause mortality [45] .
Our study has strengths but also limitations. It included a large cohort of well-phenotyped adolescents, with a very large set of data that included most of the factors known to influence body composition such as physical fitness, physical activity, environmental factors, SES, and food intake. Our study used a high standard of methodology and involved a large population of adolescents within Europe, and it is likely that its results can be generalized to industrialized countries.
The lack of a finding of beneficial effects of breastfeeding on body composition raises the question of a lack of statistical power. We performed a posteriori power calculations based on BMI. Considering an α risk of 5% and given the number of subjects included, our study had a power of 95% to detect a 0.2 effect size, meaning that our sample should identify a significant BMI difference of 0.7 between the breastfed and non-breastfed groups (observed SD 3.7).
Our study has also weaknesses. Parental body composition was estimated by the adolescents because the investigators could not obtain these measurements from the parents. Our study used a cross-sectional design, which does not allow the demonstration of a causal relationship. Another limitation of the study is the retrospective assessment of breastfeeding. Several articles have however suggested that this procedure is a valid and reliable measure of infant feeding habits [46] and Natland et al. [47] recently confirmed in a great cohort analysis that maternal recall of breastfeeding duration was fairly accurate 20 years after delivery, meaning that our recalled duration of breastfeeding could be used in adolescents' population. In the HELENA study, breastfeeding recording was probably less exposed to recall bias than in previous studies conducted in the USA [48] because each European country participating in the HELENA study used a standardized health booklet that referred specifically to the type of infant feeding and its duration at all ages.
In conclusion this is the first European study to examine the relationship between breastfeeding and adolescents' body composition. The linkage study did not reveal a significant effect of breastfeeding on several variables reflecting body composition in the whole population. However a non-significant trend toward a protective effect of breastfeeding was highlighted on highest percentiles of abdominal adiposity. This observation suggests that the effect of breastfeeding on abdominal adiposity should be investigated in populations of highrisk adolescents.
